Silver nanoparticles (AgNPs) are incorporated into a large number of consumer and medical products. AgNPs has been reported as the materials with high toxicity especially after the systemic uses. The present work aimed to evaluate the toxic effects of two different doses 0.5, 10 mg/kg of AgNPs (35±8.5nm) on the lung of adult male albino rat following 30 days oral administration and also to assess the protective role of green tea extract (GT). Sixty rats were classified into six groups (ten rats/ group); Group1:(control group) allowed distillate water, Group2: Rats were given GT at a concentration of 1.5%, Group3: AgNPs treated rats (0.5mg/kg/day), Group4: AgNPs treated rats (0.5mg/kg/day)-co administered GT, Group5: AgNPs treated rats (10mg/kg/day), and Group6: AgNPs (10mg/kg/ day)-co administered GT. This aim was undertaken through adopting certain parameters including, animal observation, changes in body weight, and biochemical studies for antioxidant enzymes {super oxide dismutase (SOD) and catalase (CAT)}. Absolute and relative lung weights have been carried as well. Histological examination of lung tissue using different stains; H&E, Mallory trichrome, and immunohistochemical study for surfactant protein B was done followed by morphometric and statistical studies. Results: Normal daily activity was observed in all groups. A statistically significant increase in the mean body weight in groups treated with AgNPs; whereas a nonsignificant increase in GT group and groups treated with GT+ AgNPs at the end of experiment as compared to the initial value. AgNPs significantly decreased (CAT) while, increased SOD level. GT significantly increased relative lung weight while, a nonsignificant increase in AgNPs groups as compared to control. Histological examination of lung tissue revealed histological alterations in groups treated with AgNPs which were more pronounced in high dose (10mg) including; thickening of the alveolar wall, destruction of the alveoli, dilated alveoli, mononuclear cellular infiltration associated with marked collagen deposition and weak immunoexpression for surfactant protein B. Coadministration of GT with AgNPs caused significant amelioration of biochemical, histological and immunohistochemical changes induced by AgNPs. Conclusion: Silver nanoparticles caused oxidative damage, biochemical changes and histological alterations in the lung of male rat. This study demonstrates the benefits of green tea as it reduces oxidative damage by virtue of its antioxidant properties thus improving the structural integrity of lung tissue and eventually alleviates the histological changes as well as the biochemical perturbations.
INTRODUCTION
Nanotechnology is an important modern and rapidly growing field dealing with design, synthesis and manipulation of particles structure ranging approximately from 1100 nm. These small dimensions result in a high surface area to volume ratio determining unique chemical, physical and biological properties different from those of bulk material with the same composition (Barnes et al., 2008).
Silver nanoparticles (AgNPs) are presently one of the most frequently used nanomaterials in consumer products and have attracted the attention in diverse areas such as medicine, catalysis, nanobiotechnology, electronics, magnetics, optics and water treatment because of its specific biological properties and proven applicability. Moreover, Silver nanoparticles have significant inhibitory effects against microbial pathogens, and are widely used as antimicrobial agents (Marin et al., 2015).
However, extensive use of AgNPs may lead to environmental contamination and human exposure by inhalation, dermal and oral routes, raising concerns about their potential environmental impact and toxicity (Shahare and Yashpal,2013). Silver nanoparticles has been reported as the materials with high toxicity as compared to other materials especially after the systemic uses, the nanoparticles is small enough to pass from smallest capillary vessel of body and biological membranes and be effective on physiology of any cells in body (Sharma et al.,2006). Nanoparticles can damage organs and different tissues through producing free radical and stress oxidation mechanism by attacking free radical to tissues (Akradi et al., 2012).
Herbal medicines derived from plant extracts are being utilized as adjunct treatment options for a wide variety of clinical disease. More attention has been paid to the protective effects of natural antioxidants against chemically induced toxicities(Mandel et al., 2006).Today green tea is the most widely used beverage next to water. It has many beneficial effects. It is made from unfermented leaves and contains the highest concentration of powerful antioxidants called polyphenols (Thasleema, 2013).
The increasing interest in the health properties of green tea extract and its main catechin polyphenols have led to a significant rise in scientific investigation for prevention and therapy in several diseases (Mandel et al., 2006).
The present study was designed to investigate the histological and toxicological effects of silver nanoparticles and the protective role of green tea extract on the lung of adult male albino rat.
MATERIALS AND METHODS

 Preparation of Silver nanoparticles:
Silver nitrate (AgNO 3 ) (99%) and sodium citrate (Na 3 C 6 H 5 O 7 ) were obtained from SigmaAldrich Chem. Co. All chemicals were used as received without further purification. Silver colloidal nanoparticles were prepared according to Monteiro et al., (2012) .
Silver nanoparticles were prepared at Egyptian petroleum research institute. UV/VIS/NIR spectrophotometer: The synthesized NPs were studied through measuring optical absorbance by using near ultraviolet to visible to near infrared instrument (UVVisNIR, V570 model, JASCO, JAPAN) spectrophotometer.
Transmission Electron Microscopy (TEM) TEM (JEM2100 LaB6, Japan) enables the visualization of internal structure of crystal samples and provides two dimensional images magnified as high as 100,000 times.
Green tea:
Green tea was purchased from SigmaAldrich Chem. Co. It was prepared according to Maity et al., (1998) and later adopted by ElBeshbishy, (2005) by soaking 15 g of instant green tea leaves in 1 L of distilled water whose temperature did not exceed 90 °C, for 5 min to obtain soluble polyphenols dissolved in the aqueous extract. The solution was filtered to obtain the final 1.5% (w/v) green tea extract. This solution was substituted in the place of water as the sole source of drinking fluid to rats in groups 2,4, and 6.
Animals:
The present study was carried out on sixty adult male albino rats with body weight ranged from 180200 grams. They were housed in clean plastic cages with metal covers, at room temperature. Free access to water and diet were allowed to the animals. They were subjected to 7 days period of passive preliminaries in order to adapt themselves to their new environment and to ascertain their physical wellbeing.
 Experimental design:
Experimental groups of animals were administered silver nanoparticles (AgNPs) (35±8.5nm) orally using the oral gavage technique once a day for 30 days. The animals were classified into six groups (ten animals per group) in the following manner:
Group 1: (control group) in which rats were allowed distillate water orally ad libitum.
Group 2: (Green tea group) in which rats were given GT at a concentration of 1.5% orally as the sole drinking fluid substituted in the place of water (Heikal et al., 2013).
Group 3: AgNPs (0.5mg/kg/ day) treated rats (Sardari et al., 2012).
Group 4: Rats treated with AgNPs(0.5mg/kg/ day)-co administered GT as the sole source of drinking fluid.
Group 5: AgNPs(10mg/kg/ day) treated rats (Yousef et al., 2012).
Group 6: Rats treated with AgNPs (10mg/kg/ day)-co administered GT as the sole source of drinking fluid.
In this study the animals were received the treatment of silver nanoparticles by oral route, because AgNPs can already be found in a number of commercial products including food packing materials and kitchen appliances, and is even sold as an alternative "health supplement" (Loeschner et al., 2011). Therefore, oral intake of silver nano particles is a relevant route of exposure for the consumer.
During the the treatment period, physical evaluation was performed on each animal and included:
Observation for mortality and general condition: Animals were observed in their cages daily throughout the study for mortality, any deterioration condition and or signs of toxicity or possible illness.
Body weight gains:
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Body weights were measured prior to the initiation of treatment, and immediately before sacrificing the animals.
Twentyfour hours after the last dose of treatment, all animals were anaesthetized with diethyl ether inhalation. Blood samples were obtained from the retro orbital sinus puncture into heparinized capillary tubes from each rat before killing. Blood samples were collected in clean dry test tubes and centrifuged at 2000 rpm for 15 minutes. Sera were then separated and kept frozen at 20 °C for subsequent biochemical studies.
After collecting blood samples, both lungs were removed carefully and grossly examined for any abnormalities. The lung weights (absolute) were recorded and lung-tobody weight ratio (relative weights) expressed as [absolute organ weight (g)/body weight (g) ×100] were determined (Kang et al., 2014). Then the lungs were fixed in 10% neutral buffered formaldehyde.
The handling of animals followed the rules for the experimental research ethics approved by Research Ethics Committee at faculty of Medicine for Girls AlAzhar University.  Biochemical studies:
The collected sera were used for the estimation of antioxidant enzymes {super oxide dismutase (SOD) and catalase (CAT)}. Commercial Kits were purchased from Bio diagnostic, Giza, Egypt.
 Quantitative estimation of plasma catalase (CAT) was done according to (Aebi,1984 
RESULTS
Characterization of Silver nanoparticles:
AgNPs absorbance were measured using UV spectrophotometer analysis with a strong light absorption in the visible region= 420nm as shown in Observation for mortality and general condition:
In the present study all animals survived and no mortality in both control and AgNPs treated groups with or without green tea throughout the study. Normal daily activity was observed in all groups, no deterioration of general condition, no signs of toxicity or possible illness was observed in any of the groups.
Changes in the mean body weight: A statistically significant increase in mean body weight was detected in control group and all groups treated with AgNPs at the end of experiment as compared to the initial value. Nonsignificant increase in mean body weight was detected in green tea group and all groups treated with green tea in combination with AgNPs at the end of experiment as compared to the initial value [ Table 1 ]. Gross examination of the lungs showed no difference in the color and shape between control and all treated groups.
A statistically significant decrease in absolute lung weight was detected in group 2, 3, 5 as compared to control group and in group 4 as compared to group3. There was no significant increase in the absolute lung weight in group 6 as compared to group 5 [ Table  2] A statistically significant increase in relative lung weight was detected in group2 as compared to control group and in group4 as compared to group3. Finally a statistically significant increase was revealed in group6 as 
Biochemical Results: (Antioxidant enzymes)
No statistically significant difference was observed between the control group and green tea group as regard the level of serum catalase. A statistically significant decrease in serum catalase was noticed in group 3 by 39% in comparison with control group. On comparing the level of catalase between group4 and group3, there was significant increase by 50.5%. A statistically significant decrease in serum catalase was detected in group5 by 73% when compared to control group. Whereas on comparing the level of catalase between group6 and group5, there was significant increase by184% [ Table 3 ] No statistically significant difference was observed between the control group and green tea group as regard the level of serum SOD. A statistically significant increase in serum SOD was noticed in group3 by 30% as compared to control group. While a statistically significant decrease in serum SOD was revealed in group4 by 40% when compared to group 3. A statistically significant increase in serum SOD was detected in group5 by 272.5 % as compared to control group. On comparing the level of SOD between group6 and group5, there was significant decrease by50% [ Histological Results H&E stain Microscopic examination of lung sections of control and green tea groups, showed the lung alveoli (air sacs) with normal histological structure. The wall of the lung alveoli appeared thin and lined with thin wall of flat epithelial cells (Fig.3, 4, 5) On the other hand, group3 showed that the wall of lung alveoli appeared slightly thickened, some alveoli are destructed. Also, some alveoli are dilated. There was mononuclear cellular infiltration and some areas of hemorrhage can be detected (Fig.6) In group 4, treated with green tea there was partial improvement of the lung tissue. The wall of some lung alveoli appeared thin while others appeared slightly thickened. There were areas of hemorrhage and mononuclear cellular infiltration (Fig.7, 
8)
Histological examination of group 5, showed marked thickening of the alveolar wall, dilated and congested blood vessel with thick wall. Multiple, large areas of hemorrhage and mononuclear cellular infiltration could be seen (Fig.9, 10, 11) Treatment with green tea in group 6 revealed partial improvement of the lung tissue. The wall of some lung alveoli appeared thin while others appeared thickened. Some areas of hemorrhage could be seen (Fig.12) .
Mallory trichrome stain Light microscopic examination of lung sections of control and green tea groups showed few collagen fibers (which stained blue) (Fig.13, 14) . On the other hand, there was marked collagen fibers deposition within the lung tissue in group 3, 5 if compared with control group (Fig.15, 17) . There was moderate collagen fibers deposition in groups 4, 6 as compared with control group (Fig.16, 18) .
Immunohistochemical results Surfactant protein B expression appeared as brown granules. Strong positive immunoreaction was detected in control and green tea groups (Fig.19 (Fig.21,  23 ).
Over immunoexpression of surfactant protein B could be observed in groups 4, 6 (Fig.22, 24) .
Morphometric and statistical results
When comparing the means of area % of collagen fibers /µm² surface area in the lung tissue among the experimental groups revealed that the least mean was in control and green tea groups followed by groups4, 6. However, the highest mean was recorded in groups 3, 5. These findings were of statistically significant values (P ≤ 0.05) [ Table 4 ]
Statistical study of the means of the optical density of Surfactant protein B showed that the highest mean was recorded in groups4, 6 followed by control and green tea groups, while the least mean was found in groups 3, 5. All these findings were of statistically significant values (P ≤ 0.05) [ Table 4 ] Concerning the results of body weight gain, the present study revealed a statistically significant increase in mean body weight in control group and groups treated with AgNPs (groups3, 5) at the end of experiment as compared to the initial value. But no significant difference in the total body weight between different groups treated with different doses of silver nanoparticles and control group. In the present study, there is nonsignificant increase in mean body weight in green tea group and all groups treated with green tea in combination with AgNPs at the end of experiment as compared to the initial value (group 2, 4, 6).
This result was in agreement with
The mechanism of weight reduction induced by green tea treatment may be due to the increase in energy expenditure and fat oxidation; however, there is another possible mechanism involved, i.e., suppression of the lipogenic enzyme fatty acid synthase, so antiobesity effect of tea polyphenols could be also observed in the normal (nonobese) Organ weight is one of the most sensitive indicator of toxic agents that reflect impact on the metabolism due to effects on the health and immunological status of the body (Bailey et al., 2004) .
Pariyani et al., (2015) concluded that the relative organ weight index is used as basic indicator to assess the deleterious effects of the toxic metabolites. The effect of toxic substances on the internal organs could be identified by assessing the relative organ weight as the index gives a preliminary insight to the swelling or damage caused by any harmful agent.
Concerning the results of relative lung weight, the present work showed a nonsignificant increase in groups treated with AgNPs (groups 3,5) when compared to control group.
These observations were in agreement with Sung et al., (2009) who demonstrated that no significant dose related changes were noted in organ weight values in rats exposed to silver particles. Whereas Amin et al., (2015) concluded that oral administration of AgNPs didn"t significantly affect the ratio of liver, kidney, lung, testis weight to total body weight as compared to vehicle control.
The result of the current study also demonstrated that a statistically significant increase in relative lung weight in green tea group as compared to control group and in groups treated with green tea in combination with AgNPs (groups 4, 6) as compared to groups treated with AgNPs alone (groups 3, 5).
The observed increase in relative lung weight following administration of green tea in the present study could be attributed to the reduction in body weight gain of experimental animals (Heikal et al., 2011) .
Many studies have shown the role of oxidative stress in AgNPs toxicity (Choi et al., 2010) . The present study revealed a statistically significant decrease in the level of catalase (CAT) in groups treated with silver nanoparticles (groups 3, 5) which were more pronounced in high dose as compared to control.
In agreement with this result Shayesteh et al., (2014) who found a decrease in CAT in rats treated with silver nanoparticles. Also, Adeyemi and Faniyan, (2014) detected inconsistent decrease in the levels of catalase relative to controls.
These results could be explained according to Wu and Zhou, (2013) as they concluded that dosedependent decrease in CAT activity after AgNPs exposure suggested an excessive consumption of this antioxidant enzyme in the tissue. The reduced CAT activity ultimately failed to catalyze the transformation of oxyradicals. These data indicate that the ability of antioxidant defense was significantly depressed and that a potential enhancement of reactive oxygen species (ROS) was produced.
On the other hand, the present study showed a statistically significant increase in the level of SOD activity in groups 3, 5 treated with AgNPs alone this increase were more pronounced in high dose in relation to control group. This result coincided with Adeyemi and Faniyan, (2014) as they found increase in the serum level of superoxide dismutase relative to the control group. The increased serum level of SOD in the present study might be explained by Piao et al., (2011) as they stated that SOD is an inducible The protective effect of green tea is due to its antioxidant properties that scavenging free radicals. It has been shown that green tea contains volatile oils, antioxidant vitamins like (B, C, E and folic acid); tannins and amino acid (theanine) which is a major amino acid present in green tea. Additionally, polyphenols may also function indirectly as antioxidants through: (a) Inhibition of the redoxsensitive transcription factors, the antioxidative activity of green tea catechins is related to its ability for chelating redoxactive transition metal ions like iron, copper and prevents their participation in Histological examination of lung tissue in groups treated with different doses of AgNPs revealed variable degrees of histological alterations which were more pronounced in high dose group, these alterations including; thickening of the alveolar wall (inter alveolar septum), destruction of the alveoli, dilated alveoli, mononuclear cellular infiltration and areas of hemorrhage. Also, there was marked deposition of collagen fibers in the lung intrestitium.
This histological picture is consistence with the picture pulmonary fibrosis. Pulmonary fibrosis is a chronic, and progressive disease of the lungs interstitium characterized by inflammation and deposition of collagen in the alveolar septa (Asghari et al., 2015).
These observations were in agreement with Cho et al., (2013) 
